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Abstract 
Radio frequency identification is widely used in many outdoor applications. In several outdoor application environments, a large 
number of antennas as well as tags are required. One of the most critical issues in these environments is the placement of 
antennas. Towards this end, this paper proposes an optimization model to find the optimal placement of the antennas. The cost 
function of the proposed model is to minimize the number of antennas needed and to minimize the collisions area for a specific 
area. To verify the feasibility of the proposed model, it is tested and solved using different configurations. 
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1. Introduction 
Radio Frequency Identification (RFID) technology provides wireless use of Radio Frequency (RF) fields for 
transferring data. RFID system consists of readers and tags to automatically identify and track the tags attached to 
different objects through readers [1].  
RFID is emerging as the latest technological strategy in tracking objects using magnetic or electromagnetic 
response exchange. RFID technologies allow the transmission of a unique serial number wirelessly, using radio 
frequency waves. RFID systems work by placing a chip containing data and an antenna on an object, enabling the 
data on that chip to be accessed by a reader. RFID system consists of an RFID reader and a finite number of tags. An 
RFID reader is usually a powerful device with sufficient computational power and memory size. A reader is 
equipped with antennas for sending and receiving signals, a transceiver and a processor to decode data.  
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RFID tags are designed with limited resources so that it could be cost effective for several types of applications. 
RFID tags are classified into three types: active, passive or semi-passive [2]. Passive tags have the lowest 
complexity, no power source nor an on-tag transmitter. In contrast, semi-passive tags have an on-board power source 
to energize their microchip. Active tags contain transceivers and power source. Active tags can sense the channel 
and are able to operate without a reader. Active tags are usually used for manufacturing, such as tracking 
components on an assembly line, or for logistics where the tag may be reused. Conversely, passive and semi-passive 
tags do not have the ability to sense the channel and rely on the energy received from the reader to transmit their IDs. 
Passive tags have the lowest complexity and are considerably less expensive than active tags. Passive tags are 
readable only when activated by a RFID reader and normally have shorter reading ranges than active tags.  
2. Problem Definition  
One example of outdoor applications using RFID system is an application for water flooding detection in a wide 
open area. In this application, active tags attached with water flooding sensors are deployed in the monitored area as 
shown in Figure 1. The location of each active tag is fixed and known. If a sensor detects water flooding in its 
neighborhood, an active tag that is attached with a sensor should forward the desired data to a central alarm system 
for action. Active tags forward data to the central alarm system through an antenna and RFID reader. This makes it 
natural to have at least one antenna within the range of each active tag. Usually an antenna can serve more than a 
single tag. Therefore, antennas must be deployed in the monitored area such that each active tag in the monitored 
area can communicate with an RFID reader.  
Figure 1 shows all possible and predefined locations of RFID tags and antennas. Since the monitored area in such 
an application is large, a lot of RFID antennas are needed to cover all the tags. Using large number of antennas 
increases the cost. To minimize the cost of RFID antennas, it is recommended to use a minimum number of antennas 
that cover all the tags. In addition, the optimal locations of antennas must be determined. The optimal locations of 
antennas are a subset of all possible locations such that all tags can communicate with a single antenna. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Application Enviroment 
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In this paper, we propose an integer linear programing (ILP) model to determine the minimum number of 
antennas that are needed for a specific area of interest. In addition, the optimal placement of the antennas are 
determined. In our proposed model, we assume that the locations of active tags are pre-defined and the set of 
possible locations of antennas are known. It should be noted that the proposed model is solved for a specific 
deployment of active tags. 
3. Related Work 
To deploy a minimum number of RFID readers at the right locations with considering collisions is an important 
research issue. Many researchers have proposed several attempts to deal with these issues. For example, Huang and 
Chang have studied the problem of RFID deployment by employing an experimental design to determine the main 
factors that affecting the RFID interrogation range [3]. They performed a practical measurement to collect real data. 
The interrogation zone is represented by a set of discrete points. For capturing the interrogation zone of an RFID 
antenna, a simulating environment is constructed for the RFID system. They assumed that an electromagnetic field is 
symmetric and performance is uniformly distributed in each grid. However, they overlooked human and 
environmental errors. In their experiment, the reader is placed at a height of 90 cm from the ground. The tag is 
placed on a cardboard box to minimize the interference from the attached material. The reader read the tag and is 
monitored as to how many times it successfully read the tag within a predefined time interval. The number of reads 
has been translated to a reading rate. After the data gathering process and mapping the data into the space is 
completed, the ellipse-like shape is chosen to represent and simulate the shape of interrogation zone. The main 
advantage of this approach is that the length and the width are adjustable to fit and describe a real reader. 
In another approach, Chang et. al discussed both optimizing the RFID reader deployment and adjusting reading 
speed to minimize reader collision [4]. In their approach, they used heuristic optimization techniques utilizing Tabu 
search to find the optimal deployment of RFID reader. Reader deployment performance is analyzed in terms of 
deployment cost, reader collision, system throughput, and hit-miss ratio. In their work, they assumed the 
environment is divided into regions. Each region contains immovable RFID tags and information gateway. The 
information gateway stores the unique IDs data of RFID tags in a connection table. This table is used to calculate the 
Query-hiT ratio (QT) in one of the regions. When a new RFID tag joins a region, it must notify the information 
gateway to record its unique ID data. Multiple RFID readers are able to monitor more than one region. If RFID tags 
read by readers, the information gateway would receive RFID reading events, which mark "read" tag in its 
connection table. Every RFID reader can arbitrarily move to search better location by means of intelligent RFID 
deployment agent. The RFID deployment agent consists of two mechanisms, namely: 1) superior mechanism in 
RFID reader deployment and 2) reading speed adjustment for anti-collision. The first mechanism utilizes the virtual 
reader model to estimate the backscatter power and the Tabu search to find better locations of deploying readers. In 
the second mechanism, the reading speed is adjusted to decrease the reader collision.  
Hung and Huy attempted to find the optimal deployment of RFID readers using genetic algorithm [5]. In their 
proposed model, first they divided the monitored area into smaller regions. Then, they applied approximate curve 
Bezier for sequence of the smaller regions. The control points of this curve are the coordinates of tags in the region. 
Based on the approximate curves in the small regions, the collections of points that are close to the tags are 
determined. Each point can be considered as a candidate location of the reader. The genetic algorithm is used to find 
the optimal locations of the readers. In order for Hung and Huy to decrease collision, they used time division 
multiple access technique.  
4. The ILP model 
This section describes the proposed model in detail. In this model, we assume that there are M active tags that are 
pre-deployed in an interest area to be monitored. The location of each active tag is known. The transmission range of 
an active tag is circular with radius of R m. We also assume that there is a set of possible locations where specific 
antennas could be placed. The number of these possible locations is N. The objective of the proposed model is 
twofold. First, is to find the minimum number of antennas needed for deployment in the monitored area. Second, is 
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to identify the location of the antennas such that each tag communicates with one antenna only; this minimizes the 
collision in readings tags.  
In order to indicate whether an antenna is placed in the possible location q or not, we define a binary variable 
xq={0,1}. If an antenna is allocated at location q then xq is equal to 1. Otherwise, xq is equal to 0. The objective 
function of the proposed optimization model is to minimize the number of antennas, which can be represented by 
Equation (1): 
 
σ ݔ௤ே௤ୀଵ .      (1) 
 
To represent whether a tag at location p is able to communicate with an antenna at location q, we define a binary 
variable yqp= {0,1}. If there is no antenna at location q, then yqp is equal to 0. On the other hand, a tag at location p 
can communicate with an antenna placed at location q if and only if q is in the transmission range of the tag in 
location p. This means that the distance between location q and location p (Dqp) is less than R m. Therefore, yqp is 
equal to 1; otherwise, yqp is equal to 0. This can be modeled by Equation (2). 
 
ݕ௤௣ ൑ ඌ ோ஽೜೛ඐ ݔ௤Ǥ      (2) 
 
From Equation (2), we can deduce that yqp is 0 if no antenna is placed at location q (i.e. xq=0). On the other hand, 
if an antenna is placed at location q, and the distance between location p and location q is greater than the tag 
transmission range, then ඌ ோ஽೜೛ඐ is equal to 0. Therefore, yqp is 0. Similarly, if the distance between location p and 
location q is less than the tag transmission range, then ඌ ோ஽೜೛ඐ is greater than 0. Therefore, yqp equals to 1. 
 
A tag at location p is able to communicate with at least one antenna; therefore: 
 
σ ݕ௤௣ே௤ୀଵ ൒ ͳǤ      (3) 
  
 
In general, the ILP model is represented by the following formula:  
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 Such that 
ݕ௤௣ ൑ ඌ ோ஽೜೛ඐ ݔ௤; 
 
σ ݕ௤௣ே௤ୀଵ ൒ ͳ. 
 
 
5. Experimental Results 
To solve the ILP model, we assume that the monitored area is a square with dimension 1x1 km. The monitored 
area is divided into grids, each with 100x100 m in size. Active tags are deployed in the monitored area such that 
each tag is placed at the corner of each grid. The total number of deployed tags is 100. The locations of the tags are 
shown in Figure 2. We also assume that all the possible locations of the antennas are known in advance. To show the 
possible locations of antennas, we assume that the whole monitored area is divided into smaller grids with 20x20 m 
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in size. The corner of each grid can be a possible location of antenna. Therefore, the maximum number of antennas 
are required is 2500. In addition, we assume that the transmission range of the active tag is 100 meter, as specified in 
[6]. The location of each tag and the possible location of each antenna are represented by Cartesian coordinate (x,y). 
The Cartesian coordinate of the first tag is (0,0). The Cartesian coordinate of the second tag is (0,100). The Cartesian 
coordinate of the last tag is (900,900). We consider the Cartesian coordinate of the first possible location of antenna 
is (0,0), The Cartesian coordinate of the second possible location of antenna is (0,20), The Cartesian coordinate of 
the last possible location of antenna is (980,980). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
We solve the ILP model using Lingo solver [7]. The optimal solutions shows that the minimum number of 
antennas is equal to 24. The optimal locations (Cartesian coordinate) of the antennas are shown in Table 1. We 
observe from Table 1 that the distance between each pair of antennas is greater than 200 m. There is only a single 
pair of antenna where the distance between the two antennas is 200 m. The two antennas are:  antenna-1 and 
antenna-2. This ensures that if a specific antenna-A is in the transmission range of an active tag, then the closest 
antenna to Antenna-A will not be in the transmission range of the tag, because we assume that the transmission 
range of an active tag is 100 m. Therefore, each active tag will communicate with a single antenna only as shown in 
Table 2. 
Table 1: Locations of antennas 
Antenna 
number 
Cartesian 
coordinate 
Antenna 
number 
Cartesian 
coordinate 
Antenna 
number 
Cartesian 
coordinate 
Antenna 
number 
Cartesian 
coordinate 
1 (0,100) 7 (200,200) 13 (500,300) 19 (700,700) 
2 (0,300) 8 (200,700) 14 (500,800) 20 (800,0) 
3 (0,700) 9 (300,400) 15 (600,0) 21 (800,400) 
4 (20,860) 10 (300,800) 16 (600,500) 22 (800,860) 
5 (100,500) 11 (400.100) 17 (600,900) 23 (900,200) 
6 (200,0) 12 (400,600) 18 (700,200) 24 (900,600) 
Figure 2: Locations of Tags and Possible locations of Antenna 
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Table 2 shows each antenna and the tags that can communicate through it. We observe from Table 2 that each tag 
can communicate with a single antenna only which eliminate the collision in tags reading. From Table 2, we observe 
that although the number of tags per antenna is not the same for all antennas, the variation in the number of tags per 
antenna is small. The variance in number of tags per antenna is 0.72222 which could be considered a reasonable 
variance.   
Table 2: Antennas and their tags 
Antenna 
number 
Tags  
number 
Antenna 
number 
Tags  
number 
Antenna 
number 
Tags  
Number 
1 1,2,3,12 9 25,34,35,36,45 17 60,69,70,80 
2 4,5,14 10 30,39,40,50 18 63,72,73,74 
3 7,8 11 32,41,42,43,52 19 68,77,78,79,88 
4 9,10,19,20 12 37,46,47,48,57 20 71,81,82,91 
5 6,15,16,17,26 13 44,53,54,55,64 21 75,84,85,86,95 
6 11,21,31 14 49,58,59 22 89,90,99,100 
7 13,22,23,24,33 15 51,61,62 23 83,92,93,94 
8 18,27,28,29,38 16 56,65,66,67,76 24 87,96,97,98 
6. Conclusion 
This paper proposed an optimization model to find the optimal placement of antennas in outdoor application. The 
cost function of the proposed model is to minimize the number of antennas needed and to minimize the collisions 
area for a specific area. To verify the feasibility of the proposed model, it is tested and solved assuming that 100 tags 
are deployed in the monitored area and the number possible locations of antennas is 2500. The optimal solution 
showed that the number of needed antennas to cover all tags is 24. Moreover, each tag can communicate by a single 
antenna that eliminated the collision in reading the tags. As a future work, the minimum number of tags that are 
needed to cover the monitored area as well as the optimal placement of tags in the monitored area can be studied.  
7. Acknowledgment  
The researchers thanks the Deanship of Scientific Research at King Faisal University for funding this research 
number: (150167).  
References 
1. RFID Journal, [Last accessed on September 2013]: http://www.rfidjournal.com/  
2. D. Majors, O. Swindle, T. Leary, P. Harbour, J. Leibowitz, “RFID Radio Frequency Identification: Applications 
and Implications for Consumers.” A Workshop Report from the Staff of the Federal Trade Commission. March 
2005. P. 1-24. 
3. Han-Pang Huang, Ying-Ting Chang, "Optimal layout and deployment for RFID systems", Advanced 
Engineering Informatics 25 (2011), pp. 4–10.  
4. Yao-Chung Chang; Ci-Jhih Fong; Yu-Shan Lin; Jiann-Liang Chen, "Optimal deployment strategy of RFID 
networks using Tabu search mechanism," Advanced Communication Technology (ICACT), 2010 The 12th 
International Conference on , vol.2, no., pp.1397,1400, 7-10 Feb. 2010. 
5. Tran Cong Hung, Nguyen Khac Huy, "RFID Reader Deployment Strategy using Genetic Algorithm", Journal of 
Selected Areas in Telecommunications (JSAT), September Edition, 2011. PP. 39-45.  
6. Stephen A. Weis, RFID (Radio Frequency Identification): Principles and Applications, MIT CSAIL 
7. http://www.lindo.com/ [Last accessed on May 2014). 
 
 
